Objective: To compare non-responders and responders to a dietary survey with respect to demographic variables and intention to choose selected breakfast foods, and to examine if there was any systematic change in number of food items reported during a 7 d recording period. Design: Cross-sectional survey. Setting: Mo Èlndal, Sweden. Subjects: All pupils in 5th, 7th and 9th grades in the municipality were asked to complete a questionnaire during school hours. All those present (n 1584, 92% of total) answered questions about lifestyle factors and about intentions, attitudes and beliefs concerning high-®bre bread and milk with varying fat content. All subjects in the initial sample were asked to ®ll in a 7 d record of food consumed. Acceptable food records were completed by 69% of the initial participants. Results: Subjects not completing the food record differed signi®cantly from participants with respect to demographic, lifestyle and dietary factors. Dropout was more common among those who reported not usually eating breakfast and among those intending to drink whole milk for breakfast. A decline in reported food items during the recording period was also observed. Conclusions: Two sources of bias were observed here, one indicating signi®cant differences between nonparticipants and participants, the other suggesting the presence of a time-dependent trend in number of recorded foods. It is likely such biases are present in other dietary surveys involving schoolchildren, and should be taken into consideration in the design, analysis and interpretation of such studies. Sponsorship: The Swedish Council for Forestry and Agricultural Research and the National Institute for Public Health.
Introduction
Although different methods of dietary assessment are associated with different sources of error, it can be safely generalised that errors are always present in the measurement of population's habitual diet. Random measurement errors generally in¯ate statistical variation without affecting the mean nutrient level. Systematic errors, on the other hand may cause biased and thus incorrect results. This paper will focus on two potential sources of bias in a dietary survey of schoolchildren: selection bias and response bias.
In questionnaire surveys there is a general problem with representativeness if participation is incomplete. When a large effort is required and/or the topic is sensitive, as in dietary surveys using food records, the risk of low response rate will be particularly great. Drop out of subjects causes uncertainty when interpreting the results. If information is not available for non-responders it cannot be predicted whether the distribution of the measured variables differ between the participants and the population from which they are sampled. Many studies could compare non-responders with responders by information from interviews, questionnaires or using data from public registers for example the census registers and hospital records. In this way it is possible to study a type of bias referred to as selfselection. Non-response analyses from Swedish health surveys suggests that socio-economic factors are associated with non-response (Bergstrand et al, 1983; Haglund et al, 1983; Bostro Èm et al, 1993) . Drop out has also been found to be associated with ill-health and associated characteristics (Bergstrand et al, 1983; Haglund et al, 1983; Bostro Èm et al, 1993; Bengtsson et al, 1997) . It has been argued that social differences in health and associated factors might be underestimated as a result of low response rate among vulnerable groups. But the opposite could also be the case, as shown in a response rate analysis where non-responders had a higher prevalence of daily smoking and were more likely to be manual workers. The drop out led to overestimation of socio-economic differences in smoking prevalence because of a higher proportion of non-responders among the smokers in the group of non-manual workers compared to manual workers (Bostro Èm et al, 1993) .
Among ®ve recent dietary surveys of Swedish school children reporting participation rates (Hagman et al, 1986; Bergstro Èm et al, 1993; Becker, 1994; Ho Èglund et al, 1996; Samuelson et al, 1996) the rates varied from 66±87%. A drop-out analysis in one of these surveys reported that participants were more likely than nonparticipants to have a mother with higher education level. In the other survey (Becker, 1994 ) with a non-participant analyses, participation was reported to be lower in urban than in sparsely-populated areas and in small households, although drop-out characteristics were not described separately for children.
Results of dietary surveys may also be biased if the participants alter their usual dietary habits during the observation period or do not record the actual consumption. This could be due to the fact that participants consciously or unconsciously are trying to eat`good' foods, simplifying the task, misjudging amounts, or simply forgetting items. A general problem in dietary surveys using food records is under-reporting. The results from validation studies with doubly labelled water suggest that adolescents' energy intake assessed by 7 d record is substantially underestimated, and this bias increases with age (Livingstone et al, 1992; Bandini et al, 1997) . The under-reporting might also involve selective under-reporting associated with certain foods, according to a study of Danish adults (Heitmann & Lissner, 1995) . However, school children in an American study under-reported the frequency of consumption of foods but did not less accurately report socially undesirable foods (Baranowski et al, 1986) . The results from another American study involving the elderly indicate that recording accuracy seems to decline over days of reporting in a 7 d record, with more under-reporting and drop-outs during the last days (Gersovitz et al, 1978) . In contrast, in an English study there were no differences in estimated intakes among 11±13 y old between the days in a 3 d food record (Hackett et al, 1985) . Neither did an increased number of days from four to seven change the mean intake in estimated intakes among Swedish adolescents (Hedgren et al, 1995) .
The data presented here are part of a larger dietary survey, with focus on foods with different fat and ®bre content. The objectives of the survey are to describe food choice and determinants of food choice among school children. The breakfast meal is used to illustrate food choice because a typical Swedish breakfast contains food items which signi®cantly contribute to children's fat and ®bre intake, while offering alternatives for fat and ®bre content. The dual aim of the present study was (i) to compare non-responders and responders in this dietary survey with respect to demographic variables and intention to choose selected breakfast foods; and (ii) to investigate whether there was any systematic change in recorded food consumption during the recording period.
Material and methods
This study was conducted in Mo Èlndal municipality, which is situated at the west coast of Sweden, next to Sweden's second largest city, Go Èteborg. Mo Èlndal was chosen because the demography in many respects is representative of Sweden as a whole. The community had 54 254 inhabitants on 1 January, 1996.
Stage 1 sampling All pupils in 5th, 7th and 9th grades in Mo Èlndal municipality were asked to ®ll in a questionnaire during school hours. Non-Swedish speaking immigrants were excluded. The study population comprised 1730 eligible subjects, 298 girls and 279 boys in 5th grade (11 y of age), 297 girls and 260 boys in 7th grade (13 y of age) and 297 girls and 299 boys in 9th grade (15 y of age). The participation rates during the recruitment stages of the study are described in Figure 1 . All those present for the initial classroom contact answered questions about lifestyle factors and about intentions, attitudes and beliefs concerning high-®bre bread and milk with varying fat content (translation available upon request). Five questionnaires were excluded because they were not seriously ®lled in, after which 1584 (92%) responders remained. Among those not present, 25% were absent because of school activities, for example at student council, school choir or camp, and the remaining 75% were absent because of illness, leave or truancy. The attendance rate was higher in the lower grades (94%) than in grade 9 (87%) and almost the same among boys (93%) and girls (91%).
Stage 2 sampling
Two weeks after the initial survey, all participants were asked to ®ll in a record (menu record) of foods consumed at breakfast during seven consecutive days. Only the type of food was written down, not the amount. Acceptable food records were completed by 1162 subjects of whom 120 subjects answered after a mailed letter with a reminder. The dropout includes 26 subjects with food records which were obviously incorrect (for example, impossible numbers of foods). A total of 1096 participants completed both Figure 1 2-stage sampling structure.
Sources of bias in a dietary survey of children C Berg et al questionnaires. The data collection was performed between September and December 1995. This study was approved by the Ethical Committee of Go Èteborg University.
Analyses
Among those who participated by completing the initial questionnaire during school hours, drop out in the food record survey was predicted by background and food variables respectively in separate logistic regression models. Background variables analysed here were age, gender, immigrant background, family circumstances, use of tobacco, frequency of exercise, watching TV, watching video and playing video games. Food habits analysed were skipping breakfast, drinking milk for breakfast, intention to consume high-®bre bread and milk with low, medium and high fat content. To examine if the food variables still predicted drop out when the effects of age and sex had been taken into account, grade and sex were included, together with food variables, in a new model. The model with food variables was also adjusted for lifestyle factors in a ®nal model. The ®rst two days of food records (Thursday and Friday) were compared to the last days (Tuesday and Wednesday) regarding the number of recorded foods. Those who were absent when the food records were distributed and those who completed the food record after a reminder could not be expected to start to record on a Thursday and were excluded from this analysis. Since the differences in recorded food did not have a normal distribution, the Wilcoxon matched pairs signed rank sum test was used.
Results

Non-participation
Dropout was more common among the older schoolchildren especially among those in 9th grade; in grade 5 participation was 83%; in grade 7, 75%; and in grade 9, 49% of the initial. Other demographic and life style factors also predicted non-response (Table 1) . Speci®cally boys, children from non-nuclear families, children with foreign parents and those who smoke or view videos frequently were over-represented in the group who did not complete the food record. Dropout was more common among those who reported that they do not usually eat breakfast and among those with intention to drink full fat milk for breakfast (Table 2 ). This association remained after adjusting for age and sex by adding these variables to the model and after further adjusting for demographic and lifestyle factors (Table 2) . Those who answered after a reminder did not report one or more days without breakfast to a greater extent than those, who answered directly. Table 3 illustrates effects of dropout on risk estimates. In the ®rst example, the self-selected stage 2 sample indicated a strong association between gender and skipping breakfast; the association was present but weaker in the stage 1 sample. In the second example there appeared to be no association between gender and intention to drink full fat milk in the self-selected stage 2 sample. However in the less-selected stage 1 sample there was a signi®cant association.
Change in recorded food consumption during the recording period The two ®rst days of food records (Thursday and Friday) were compared with the last days (Tuesday and Wednesday) with reference to number of recorded foods. There were signi®cantly (P`0.0001) fewer recorded foods in the last days than in the ®rst among those who were expected to start to record on a Thursday (n 1039). This difference remained after excluding those eight subjects who reported no breakfast on the ®rst days and 14 who reported none on the last days. When analysing food groups, there were signi®cantly fewer records in the last days for bread and pastry (P`0.0001), cheese, meat etc. for sandwiches (P 0.0003), margarine and butter (P`0.0001), milk (P 0.003), cereals and porridge (P 0.05), and beverages (other than milk) (P 0.002), although no signi®cant differences were observed for sour milk and yoghurt (P 0.16).
Discussion
This study illustrates two types of bias that may be assumed to be present in dietary surveys involving schoolchildren: selection bias and response bias.
Selection bias
Our results in children con®rm previous ®ndings in adults, indicating not only demographic differences between those who do or do not participate in surveys, but also in lifestyle factors associated with health. The response rate was lower in the older children but dietary, lifestyle and demographic variables predict drop out independently of age group, showing an altered distribution of the background Sources of bias in a dietary survey of children C Berg et al characteristics in relation to non-response in all grades. The dietary portion of the drop-out analysis showed that nonparticipation was associated with intention to drink full fat milk for breakfast and omitting breakfast. This suggests that a selection bias caused by dropouts may result in nonrepresentative dietary data. Other dietary surveys in different populations, have also found associations between participation and dietary characteristics, for instance in adolescents (Frost Andersen et al, 1995) , adults (Riboli et al, 1997) and the elderly (Osler & Schroll, 1992; Rothenberg et al, 1993) . Although data are typically collected in a self-selected sample, the interpretation of ®ndings is usually extended widely. Selection effects are probably always present independently of how the sample is selected, our study is no exception. Other biases may be present that are not due to self-selection but still limit generalizability. In an attempt to avoid low response rates or other biases some individuals are excluded or certain populations are examined. This limitation may have the result that the selection bias will be of greater magnitude compared to the bias caused by mere drop-out. It should also be kept in mind that efforts to obtain a high response rate could result in false conclusions if these efforts bring in participants who are less likely to report a habitual diet. However, the fact that those in the present study who answered after a reminder reported that they ate breakfast to the same extent as those who answered directly indicates that no important errors attributable to repeated invitations were present.
If we are aware of the selection bias, what can we do about it? Osler & Schroll (1992) described two methods for estimating the magnitude of the in¯uence from dropout on descriptive statistics. It is more complex to take the selectivity in participation into consideration when interpreting the results if the aim of the study is to compare different groups within a population. In the present study the underrepresentation of those who reported usually omitting breakfast was observed to a greater extent among boys, and the under-representation of those intending to drink full fat milk was observed only among boys (Table 3) . This implied a signi®cant gender difference in omitting breakfast in the self-selected sample, which was not manifested in the more complete (stage 1) sample. In contrast, a signi®cant gender difference in having an intention to drink full fat milk was observed in the initial participants but not in the group who completed the study. These associations serve as concrete examples of biases that can be created by selfselection, and also illustrate that the bias may create both Table 2 Logistic model predicting drop out by food variables. Odds ratio and 95% con®dence intervals. In the ®rst column the full model is shown with all variables. In the second column, food variables adjusted for grade and sex. In the third column, the model with food variables adjusted for background variables (Table 1 Sources of bias in a dietary survey of children C Berg et al false positive and false negative associations. Although they may appear trivial, they illustrate the myriad of potential biases in dietary surveys that we are not able to measure. It is likely that self-selection in¯uences occur in other surveys, and it is of particular importance to pay attention to this problem if the relation between non-response and a studied variable could be expected to differ between subgroups, for example, when social desirability affects response differentially in sub-groups.
Response bias
An additional bias was observed in this study, in which fewer recorded foods and more records with no food were completed in the end of the recording period. This could be due to variations during the week, but there is no reason to expect that breakfasts on Thursday and Friday would differ from that on Tuesday and Wednesday. It is more likely that the difference is caused by a fatigue effect, with increased number of non-recording of eaten foods after some days. Another explanation of why the breakfasts included a wider range of foods the ®rst days of the period might be that the children and their parents paid more attention to the fact of being observed in the beginning of the period. The attention might result in a discrepancy between reported and usual diet. That the record does not re¯ect usual intakes might be conscious or subconscious, and a result of an altered diet or inaccurate information about the true intake. The fact that most food groups decreased in frequency suggests a fatigue effect. On the other hand a continuous report of use of fermented milk may indicate that social desirability plays a role. Thus, from the results in the present study we cannot conclude that the ®rst days are more representative than the last, although it is highly plausible that under-reporting increased with increasing observation time. Non-recording of food actually eaten may be a particular problem in studies using food records. Studies where 7 d food record are validated by doubly labelled water method, have found underestimation of energy intake of approximately 10±20% among adolescents (Livingstone et al, 1992; Samuelson et al, 1996; Bandini et al, 1997) . Whether a decline in recorded foods in a study including breakfast only is caused by the burden on the participants, by social desirability or a combination, it is even more likely to occur in studies with estimated or weighed records including all meals. Assuming that missing values from burden on participants is a source of error, it is likely that surveys with repeated recording periods and fewer consecutive days will improve validity in this target group. Methods for dietary assessment that are perceived less burdensome and timeconsuming, for example, food frequencies may also achieve a higher response rate than the dietary record method.
Conclusions
Biases in dietary surveys are frequently overlooked, rather than documented in the literature.The results of the present study showed that non-participants differed signi®cantly from participants with respect to socio-demographic and food variables, despite great efforts to obtain a high response rate. A decline in recorded foods during the recording period was also observed. It is likely that both kinds of biases occur in other dietary surveys involving school children and may in¯uence the results. Thus, it is of great importance that efforts are made to avoid selection and response bias in surveys. However, even with focus on this problem in the planning phase and during collection of data it may not be possible to avoid biases, which must be considered when data are analysed and interpreted, and when describing limitations of the results. Finally, regarding results from dietary surveys using food records, it should be emphasised that dietary record-keeping demands involvement and interest on the part of subjects. At the same time, the involvement increases attention and awareness of the diet such that it might result in altered food habits.
